Organelle tethering and intercommunication are crucial for proper cell function. We previously described a tether between peroxisomes and the endoplasmic reticulum (ER) that acts in peroxisome population control in the yeast, Saccharomyces cerevisiae. Components of this tether are Pex3p, an integral membrane protein of both peroxisomes and the ER and Inp1p, a connector that links peroxisomes to the ER. Here, we report the analysis of random Inp1p mutants that enabled identification of regions in Inp1p required for the assembly and maintenance of the ERperoxisome tether. Interaction analysis between Inp1p mutants and known Inp1p-binding proteins demonstrated that Pex3p and Inp1p do not constitute the sole components of the ERperoxisome tether. Deletion of these Inp1p interactors whose steady-state localization is outside of ER-peroxisome tethers affected peroxisome dynamics. Our findings are consistent with the presence of regulatory cues that act on ER-peroxisome tethers and point to the existence of membrane contact sites between peroxisomes and organelles other than the ER. to form a MCS involved in peroxisome maintenance and lipid homeostasis.
was identified as the connector bridging ER-bound and peroxisomal Pex3 proteins 10 (also see the model in Figure 6 ).
ER-peroxisome tethers are built sequentially. Pex3p and Inp1p first enrich at distinctive sites of the cER to form "foci" that subsequently act as docking stations to which peroxisomes can bind. Foci are supramolecular complexes as demonstrated not only by their ease of visualization in the microscope but also by their sedimentation by high-speed centrifugation. 10 In addition to Pex3p and Inp1p, foci likely contain other proteins and are subject to signaling by factors that are not steady-state components of foci. Inp1p, the specialized connector molecule mediating peroxisome tethering, is a likely target for such regulatory signaling input. Pex3p, on the other hand, serves multiple functions that, in addition to peroxisome tethering, notably include peroxisome biogenesis and peroxisome degradation. 4 Pex3p is essential for peroxisome formation, whereas Inp1p is not. An inp1Δ strain is peroxisome biogenic, but peroxisomes are mobile and collectively transported to the daughter cell at cytokinesis. 12 For these reasons,
we opted for experimental manipulation of Inp1p, rather than of Pex3p, to gain a deeper understanding of how foci assemble and are maintained in cell populations.
Here, we report the results of a random mutagenesis analysis of the INP1 gene. Microscopy identified mutants of Inp1p in which focus formation, integrity or maintenance was compromised. We delineated N-terminal and central regions of Inp1p that are required for focus retention in mother cells. Point mutants of Inp1p in these regions contain foci, but peroxisome-focus complexes are transferred to the bud during peroxisome inheritance. We also report the identification of point mutations in Inp1p that are defective in focus formation and thus exhibit a phenotype akin to an inp1Δ strain.
Protein-protein interaction analysis between Inp1p point mutants and Inp1p-binding proteins allowed us to assign roles to several interactors of Inp1p in peroxisome tethering. Pex3p and Inp1p are both essential components of foci. Unexpectedly we found that, while interaction between Inp1p and Pex3p correlates with focus retention in the mother cell, it is dispensable for focus formation per se. Inp1p
and Pex3p thus do not constitute the minimal protein machinery required for focus assembly. Moreover, we identified supporting roles for Atg36p, a protein previously implicated in pexophagy, 13 and proteins of the Pex30p family 14 in stabilizing peroxisomes at the mother cell cortex. Neither Atg36p nor Pex30p localized predominantly to foci. The effect of deletion of the ATG36 gene or the PEX30 family of genes on peroxisome dynamics therefore implicate regulatory, rather than structural, roles for these proteins in peroxisome tethering at the ER. Collectively, our findings provide a deeper understanding of the molecular players and the molecular mechanisms involved in peroxisome tethering in yeast.
| RESULTS AND DISCUSSION

| Screening of an INP1 random mutant library identifies strains with abnormal peroxisome tethering
We constructed random mutants of INP1 in a S. cerevisiae strain containing three in-frame fusions of green fluorescent protein (GFP) sequence at the 3 0 -end of the genomic locus of INP1 and constitutively expressing the mCherry fluorophore tagged with a C-terminal serine-lysine-leucine (SKL) tripeptide peroxisomal targeting signal 1 (PTS1). This strain, which simultaneously reports on the presence of foci and of peroxisomes, has been described as wild-type strain 2C3
in a previous study. 10 The delitto perfetto methodology 15 was used to generate a library of inp1 random mutants in strain 2C3. In a first transformation, the INP1 open reading frame (ORF) was excised from the genome and replaced with a COunterselectable REporter (CORE) cassette. The insertion of the cassette at the appropriate genomic locus was confirmed by polymerase chain reaction (PCR) analysis of the 5 0 -and 3 0 -regions of the cassette. In a second transformation, the CORE cassette was replaced with INP1 sequence that had been subjected to random mutagenesis using error-prone PCR. 16 Transformation of three independent error-prone PCR reactions of the INP1 ORF yielded a library with a complexity of~1000 inp1 mutant strains ( Figure 1A , Supporting Information, Table S1 ).
Exponentially growing cells of the inp1 random mutant library were inspected with a DeltaVision Elite wild-field microscope equipped with a front illuminated scientific Complementary Metal
Oxide Semiconductor (sCMOS) camera. Due to its high sensitivity, this microscope faithfully reports on the presence of foci, as well as on any morphological abnormalities of foci. Number and distribution of foci were compared with the distribution of peroxisomes, as defects in peroxisome tethering are known to correlate with uneven peroxisome distributions in actively budding cells. 12, 18 Strains were categorized as wild-type (79%), bud-localized foci (8%), aberrant number of foci (6.5%), no foci (4%) and clustered foci (2.5%) ( Figure 1B ).
The distribution of foci (green channel) and of peroxisomes (red channel) in wild-type 2C3 cells and select inp1 random mutants was analyzed by confocal fluorescence microscopy. Wild-type cells contained relatively few, spherical foci, which were confined to the mother cell cortex. Peroxisomes were docked to these foci in mother cells. Bud-localized peroxisomes were devoid of foci in wild-type cells ( Figure 1C , top panels). We previously reported that peroxisomes divide and dislodge from foci as they are inserted into buds. Budlocalized peroxisomes start recruiting new Inp1p and become tethered to the cell cortex only when the former bud prepares to become a mother cell of its own. 10 Foci in the mother cell, on the other hand, always retain a portion of each tethered peroxisome, thus ensuring an equidistribution of peroxisomes at cytokinesis. 10 Quantitative analysis confirmed changes in foci number and distribution in the mutant strains compared to the wild-type strain ( Figure 1C,D) . In budding wild-type yeast, mother cells had an average number of four foci; small-to medium-sized buds were for the most part devoid of foci, and clustering of foci at the bud neck was rarely observed. Strain 5-28 expressing inp1-D134G contained an increased number of foci in mother cells compared with wild-type mother cells, together with a small percentage of buds with foci, although the dynamics of these foci appeared to be normal as assessed by video microscopy ( Figure 2C ). Strains 5-11, 5-61 and 4-136 exhibited abnormal distributions of foci ( Figure 1D ). Foci and peroxisomes clustered at the mother-bud neck of dividing cells in strain 5-11, and foci were to a large extent absent from small-to medium-sized buds in this strain. Cells of strain 5-61 contained much increased numbers of bud-localized foci compared to wild-type buds. This phenotype was also observed in strain 4-136, but additionally, strain 4-136 exhibited a partial defect in focus assembly, as foci were irregularly shaped and a significant portion of Inp1p remained unincorporated into foci. The most severe phenotype was observed in strain 4-145 in which all the mutant Inp1p-3 × GFP remained dispersed throughout the cell. Characteristic of a mutant lacking foci, all peroxisomes were oriented toward the bud in strain 4-145 ( Figure 1C) . Sequencing of the INP1 genomic locus (Table S1) identified the amino acid exchanges in the mutant strains (Figure 1C , left; the amino acid exchange conferring an individual mutant phenotype is underlined).
As the three-dimensional structure of Inp1p is currently unknown, we were unable to conduct a systematic analysis of residues at the surface of Inp1p as we had done previously with regards to residues at the surface of Myo2p. 19 17 Values reported represent the mean ± SEM. Statistical significance was determined using one-way ANOVA; *P < 0.05 conserved regions that were located primarily in the central region of Inp1p ( Figure 2A ).
We sequenced the INP1 ORFs of approximately 50 random inp1 mutant strains in which morphological and/or functional abnormalities of foci were observed. The individual mutations spanned the entire length of Inp1p ( Figure 2B ). In many instances, mutant strains carried more than one amino acid exchange in Inp1p (Table S1 ). We selected 14 exchanges of amino acids that were conserved across the different yeast species or of amino acids whose mutation appeared to cause significant phenotypic changes in the random mutants for individual reintroduction into the wild-type 2C3 strain using site-directed delitto perfetto mutagenesis ( Figure 2C ). These newly constructed point mutants were subjected to immunoblot ( Figure 2D ), microscopy and protein interaction analyses (see below). Immunoblot analysis showed that 13 of the 14 delitto perfetto mutants expressed mutant Inp1p-3 × GFP, although some mutants (inp1-G191E, inp1-Y216H and inp1-W227R) expressed reduced amounts of mutant Inp1p-3 × GFP compared to wild-type Inp1p-3 × GFP levels ( Figure 2D ).
The inp1-K362E strain exhibited no mutant Inp1p-3 × GFP signal by immunoblotting ( Figure 2D ).
| Identification of regions in Inp1p required for retention of foci in the mother cell
In wild-type yeast, foci actively tether peroxisomes to the mother cell cortex. Foci sometimes move along the cortex together with an attached peroxisome; however, these peroxisomes are retained at the mother-bud neck interface and are not routinely transferred to the bud. 10 A large number of strains in the inp1 random mutant library exhibited bud-localized foci ( Figure 1B ). In many of these mutants foci were mostly retained in the mother cell and only occasionally observed in the bud, while other mutants showed a more pronounced phenotype in that the majority of foci, together with attached peroxisomes, were Table S1 . The dark blue box outlines a region in Inp1p that contains a PEST motif and is rich in aspartate residues. C, Amino acid changes introduced singly into the INP1 ORF by delitto perfetto mutagenesis of the wild-type strain 2C3, and associated foci phenotypes as assessed by video microscopy. D, Immunoblot detection of mutant forms of Inp1p-3 × GFP in individual inp1 point mutant strains constructed by delitto perfetto mutagenesis. Cell extracts of the wild-type strain 2C3 and inp1 point mutant strains were normalized for protein concentration and separated by SDS-PAGE. Anti-GFP antibody was used to detect wild-type and mutant forms of Inp1p-3 × GFP (1), a breakdown product of Inp1p-3 × GFP (2) and mCherry-PTS1 (3), which serves as an internal control for protein loading (3) . Numbers at left indicate molecular weight markers in kDa. Different exposure times were used to detect Inp1p-3 × GFP and mCherry-PTS1
found in the bud (eg, compare mutants 5-61 and 4-136 in Figure 1C ).
Several chromosomal inp1 point mutant strains made by site-directed mutagenesis to correspond to the random inp1 mutant strains recapitulated these defects ( Figure 2C ).
We performed time-lapse video microscopy of foci and peroxisomes to determine whether the localization of foci to buds is due to transfer of foci from the mother cell to bud or to the de novo formation of foci in small buds (Movies S1-S4). In wild-type cells, foci were firmly tethered to the cortex of the mother cell and displayed little movement, while peroxisomes occasionally dislodged from foci and traveled to the bud devoid of Inp1p-GFP ( Figure 3A , top series of panels). In contrast, foci together with attached peroxisomes exhibited movements across the mother-bud neck in the inp1-Y216H and inp1-G191E mutants ( Figure 3A , second and third series of panels, respectively). Foci and peroxisomes moved in both anterograde and retrograde directions, that is, they were inserted into the growing bud and moved back to the mother cell from the bud. The affinity between foci and peroxisomes appeared to be impaired in the inp1-Y216H and inp1-G191E mutants, as some foci did not have attached peroxisomes.
Moreover, while foci integrity was preserved in the inp1-Y216H strain, the inp1-G191E strain exhibited foci that were irregularly shaped and fragmented, and sometimes appeared more tubular than spherical Figure 3A , third series of panels). Lastly, foci were absent in strain inp1-L316P, and peroxisomes were sequentially inserted into the growing bud, leaving the mother cell eventually devoid of peroxisomes ( Figure 3A , bottom series of panels). Tracking analysis showed that foci in wild-type cells maintained essentially fixed positions in the mother cell, whereas foci in the inp1-Y216H and inp1-G191E strains sampled both the mother cell and the bud ( Figure 3B ). Thus, retention of foci in mother cells of the inp1-Y216H and inp1-G191E strains was clearly compromised.
Peroxisomes are actively transported to the bud in an actin-and myosin-dependent manner. Myo2p attaches to its receptor Inp2p on the surface of peroxisomes 17 and exerts a bud-directed pulling force that assists in the division of a tethered peroxisome. In wild-type cells, the mother cell retains one portion of the peroxisome, while the bud receives the other portion of the peroxisome. 11 If the strength of binding between the focus and the ER is compromised, the entire peroxisome-focus complex could dislodge from the mother cell by the pulling action of Myo2p and end up being transported to the bud. In this scenario, the tug of war between transport and retention is unbalanced because the tethering mechanism has lost some of its functionality. Strains harboring point mutations in the N-terminal (inp1-K67E,
inp1-W227R) regions of Inp1p exhibited mobile foci ( Figure 2C ), thus implicating these regions in attaching foci to the ER. It is noteworthy that the strain inp1-T26M clustered foci at the bud neck but did not transfer foci to the bud ( Figure 2C ).
| Inp1p-L316P is defective in foci assembly but retains its ability to immobilize peroxisomes when used in an artificial tether
A total of 40 strains in the inp1 random mutant library were observed to lack foci (Table S1 ). Microscopic analysis revealed a strong relationship between a cell's lack of foci and its inability to tether peroxisomes. Only two foci-deficient strains from the inp1 random mutant library, 4-859c and 4-1077, tethered peroxisomes like wild-type cells;
sequence analysis showed that both strains contained mutations in the 3 0 -region of the INP1 gene that prevented expression of the GFPtag but retained the functionality of Inp1p (Table S1 ).
Because the absence of microscopically detectable foci in the inp1 random mutant strains could be due to the introduction of stop codons or frameshift mutations that prevent expression of full-length mutant Inp1p-3 × GFP in the mutant strains, we performed immunoblotting of all foci-deficient mutant strains with anti-GFP antibodies.
Only 4 of the 40 foci-deficient strains yielded a band corresponding to mutant Inp1p-3 × GFP upon immunoblotting with anti-GFP antibodies ( Figure S1 ). The INP1 genomic locus of these four strains was sequenced. Strains 3-672a, 4-128 and 4-145 contained an L316P mutation of Inp1p. These three strains arose from independent clones, as strain 4-128 had only the L316P mutation, whereas strains 3-672a and 4-145 both had the L316P mutation and a second amino acid exchange that was different in each of the two strains (Table S1 ).
Introduction of the L316P mutation into the wild-type 2C3 strain by delitto perfetto mutagenesis to make the strain inp1-L316P confirmed that this mutation was sufficient to confer a foci-deficient phenotype in cells ( Figure 3A , bottom series of panels).
We performed a mitochondrial redirection assay 10 to assess whether Inp1p-L316P is able to tether peroxisomes once it has been immobilized. We ectopically expressed Inp1p-L316P on the surface of mitochondria by fusing the sequence for inp1-L316P in-frame with the TOM70 ORF, which codes for an integral protein of the outer mitochondrial membrane. This artificially created "focus" consisting of the Tom70p-Inp1p-L316P fusion was able to tether peroxisomes to the surface of mitochondria (Movie S5). In contrast, mitochondria and peroxisomes were not tethered to each other in cells that expressed TOM70 alone (Movie S6). Inp1p-L316P is thus defective in its initial recruitment to foci but not in its ability to tether peroxisomes. 
| Direct binding between Inp1p and Pex3p is not required for the formation of foci in mother cells
Our initial characterization of the ER-peroxisome tether demonstrated protein-protein interaction between Inp1p and Pex3p. 10 Because the current study led to the identification of inp1 mutant strains that were defective either in focus assembly (inp1-L316P, inp1-K362E) or in focus retention (inp1-G191E), we queried the nature of the Pex3p-Inp1p interaction in these mutants. Surprisingly, Inp1p-G191E did not interact with Pex3p in a direct pull-down assay ( Figure 4C ), although cells of the inp1-G191E strain contained foci ( Figures 3A and 4A) .
Conversely, despite the observed foci-deficiency of the inp1-L316P
and inp1-K362E strains, Inp1p-L316P and Inp1p-K362E proteins bound to Pex3p comparably to wild-type Inp1p ( Figure 4C ). Foci can therefore form in the absence of a direct interaction between Pex3p
and Inp1p, and the interaction between Pex3p and Inp1p is of itself insufficient for the formation of foci.
We expanded our interaction analysis to include other known Inp1p interactors (https://www.yeastgenome.org/locus/S000004817/ interaction#annotations) and all Inp1p point mutants made by delitto perfetto mutagenesis. Our goal was to correlate changes in Inp1p's protein interactions with phenotypic changes observed in the inp1 mutant strains. Interactions of Inp1p with the following proteins were systematically queried by yeast 2-hybrid (Y2H) analysis: Pex3p, which has previously been described as crucial for foci formation and peroxisome tethering 10, 18 ; Atg36p, which has been implicated in peroxisome degradation 13 ; Pex30p, an integral membrane protein that also interacts with reticulons to regulate peroxisome biogenesis at the ER 20, 21 ; Vam6p, a member of the HOPS tethering complex that has recently been implicated in mitochondria-vacuole tethering 22, 23 ; Pex25p, a protein involved in peroxisome division 24, 25 ; Cdc3p, a septin that has been implicated as an interaction partner of Inp1p
26
; and Pex17p, a member of the peroxisomal importomer complex 27 that has recently been identified as an Inp1p-interacting protein. 28 A heat map depicts the strengths of interaction of wild-type Inp1p and of 14 Inp1p point mutants with these 7 Inp1p interacting proteins in Y2H assays ( Figure 5A ).
Our Y2H data confirmed the pull-down analysis ( Figure 4C ), as both Inp1p-L316P and Inp1p-K362E interacted with Pex3p, whereas Inp1p-G191E did not ( Figure 5A ). In agreement with previous observations, 10 we confirmed that the presence of Pex3p is required for foci to assemble, because both Inp1p-3 × GFP and mCherry-PTS1
were dispersed throughout the cell in a pex3Δ strain ( Figure 5B , top series of panels). Inp1p-L316P is impaired in binding to Vam6p, Atg36p, Cdc3p, Pex30p and Pex17p ( Figure 5A ). To determine the effects of abrogating the interactions of Inp1p with these proteins in cellula, we constructed a strain that expresses wild-type Inp1p but contains a quadruple deletion of the VAM6, ATG36, PEX30 and PEX17
FIGURE 4 Increased amounts of Inp1p mutant proteins do not rescue the phenotypes of inp1 mutants. A, 2C3 cells expressing chromosomal
INP1, inp1-G191E, inp1-L316P or inp1-K362E as designated at far left and tagged with sequence encoding 3 × GFP were transformed with plasmid coding for wild-type Inp1p-HA expressed from its own promoter (top panels), or with plasmids expressing genes coding for Inp1p-G191E-HA (second panels from top), Inp1p-L316P-HA (third panels from top) or Inp1p-K362E-HA (bottom panels) expressed under the TEF promoter. The effects of elevated mutant Inp1 protein levels on the appearance of foci labeled by mutant Inp1p-3 × GFP and peroxisomes labeled by mCherry-PTS1 in the corresponding inp1 mutant strains was assessed by confocal fluorescence microscopy. Images shown are maximum intensity projections. Bar, 2 μm. The entire series of images for all strains and for expression of wild-type and mutant forms of INP1-HA from the INP1, CAN1 and TEF promoters is presented in Figure S2 . Figure S3 ) and Y2H colorimetric assays (Table S3) 
| Factors that are not steady-state components of foci help to stabilize peroxisomes at the mother cell cortex
We visualized the intracellular localization of Inp1p interaction partners relative to foci by confocal fluorescence microscopy. Inp1p interactors were constructed as protein chimeras containing the mCherry fluorophore at their C-termini, while foci were marked by Inp1p-GFP ( Figure 5C ). Only Pex3p, Pex17p and Pex25p, which are bona fide peroxisomal membrane proteins, 29 displayed a close association with foci; the remaining interactors localized mainly to nonperoxisomal compartments.
We performed time-lapse video microscopy of peroxisome dynamics in mutants in which genes encoding proteins that are not steadystate components of foci had been deleted to investigate whether these proteins have an influence on peroxisome tethering. We focused on strains deleted for ATG36 and PEX30, as strains mutated in CDC3 or deleted for VAM6 are affected in their cell viability and growth 30 (https://www.yeastgenome.org/locus/S000002235/phenotype). Pex30p
is a member of a family of three proteins that also contains Pex31p and Pex32p. 14 Peroxisome dynamics were markedly altered in both atg36Δ cells and pex30Δ/pex31Δ/pex32Δ cells in comparison to wild-type cells ( Figure 5D ). In budding wild-type cells, peroxisomes were steadily tethered at the distal end of the mother cell cortex (Movie S7), while in contrast atg36Δ cells did not tether peroxisomes in this region. Peroxisomes in atg36Δ cells sampled all regions of the mother cell but clustered predominantly at the bud neck (Movie S8). Peroxisomes in atg36Δ cells also displayed some retrograde movement from bud to mother cell (Movie S8), which had been observed previously in inp1-G191E and inp1-Y216H cells in which the interaction between Inp1p and Pex3p was weakened ( Figures 3A and 5A ). Peroxisomes displayed increased mobility along all regions of the mother cell cortex in pex30Δ/pex31Δ/pex32Δ cells ( Figure 5D , Movie S9), but these cells never exhibited a peroxisome inheritance defect resulting in the depletion of all peroxisomes from the mother cell.
It is noteworthy that both Atg36p and members of the Pex30p family are linked to proteins at the cell cortex. Atg36p, in addition to its interaction with the pexophagy machinery, also interacts with Rga1p, 31 a GTPase-activating protein for Cdc42p, which is involved in establishing cell polarity. 32 Pex30p family members for their part interact with reticulons, which function in dynamically shaping the cER.
21,33
| Concluding remarks
The current study advances our understanding of how peroxisome tethering is achieved and controlled in yeast. Analysis of point mutants in Inp1p has shown that although Pex3p and Inp1p are critical components of foci, it is not their direct binding to one another that drives focus assembly. However, interaction between Pex3p and Inp1p is critical for the functionality of foci, because when this interaction is weakened, focus-peroxisome complexes are abnormally transferred from mother cell to bud. We conclude that the ERperoxisome tether likely contains additional proteins required for its formation and integrity, which have yet to be identified ( Figure 6 ).
It is becoming increasingly evident that all organelles are tethered to other types of organelles. MCSs between peroxisomes and mitochondria, endosomes, lysosomes and microtubules have been described in other organisms 5 but have not been systematically explored in yeast.
The effects of proteins that interact with Inp1p but reside primarily in compartments other than the peroxisome on peroxisome dynamics suggest that they may have a regulatory role in focus activity rather than a structural role in focus formation and hint at peroxisome tethering to organelles other than the ER or the formation of ER-peroxisome contact sites composed mainly of proteins other than Pex3p and Inp1p. Such MCSs have recently been described. 34, 35 These secondary MCSs would probably not act in peroxisome inheritance, at least not directly, but could play a role in aspects of peroxisomal signaling, metabolism and degradation in association with other organelles. It is tempting to speculate that the role of Inp1p as a connector molecule expands beyond its recognized functioning in peroxisome tethering to the ER to include its functioning in the tethering of peroxisomes to other organelles as well.
| MATERIALS AND METHODS
| Yeast strains and culture conditions
The random S. cerevisiae inp1 mutant strains used in this study are listed in Table S1 . All other strains are listed in 
| Yeast strain and plasmid construction
The inp1 random mutant library was constructed in S. cerevisiae strain 2C3, which carries an integration of three copies of the gene for GFP at the 3 0 -end of the INP1 ORF and an integration of the gene for mCherry-PTS1 at the CAN1 locus. 10 In a first transformation, the INP1
ORF was replaced with a counter-selectable CORE cassette. 15 In a second transformation, the CORE cassette was excised and replaced with INP1 sequence that had been amplified by error-prone PCR. PCR was done using an unbalanced ratio of nucleotides and several serial dilutions to control the level of mutagenesis incorporated into the pool. 16 Removal of the CORE cassette was verified by selection on 5-FOA medium. Three separate transformations using independent error-prone PCR reactions were performed to obtain a library with a complexity of~10 3 clones.
To construct strains overexpressing mutant forms of the INP1 gene from promoters of different strengths ( Figure 4A ,B), sequences coding for the INP1, inp1-G191E, inp1-L316P and inp1-K326E genes were cloned into pYC6/CT containing sequences corresponding to the first 500 bp of the INP1 or CAN1 5 0 -UTR, as well as TEF promoter sequence corresponding to bp 411-795 of pFA6a-3HA-His3MX6. 36 Sequence coding for the HA-epitope was inserted at the 3 0 -end of INP1 genes to facilitate immunodetection of Inp1p. Plasmids were transformed into 2C3 strains harboring the corresponding inp1 point mutations, and cells were grown on YPD agar containing 100 μg blasticidin/mL. A similar plasmid-based system for overexpression of the INP1 gene has been described. 10 To construct the strains displayed in Figure 5B , the PEX3 ORF was replaced with a Leu cassette in a 2C3 strain (top panels); the VAM6, ATG36, PEX30 and PEX17 ORFs were replaced with His, Leu, NatR and kanMX cassettes in a 2C3 strain (middle panels); and the PEX17 ORF was replaced with a Leu cassette in a strain expressing
Inp1p-GFP and Pex3p-mCherry (bottom panels).
The fluorescent chimeras of Inp1p interactors displayed in Figure 5C were constructed by integrating sequence coding for mCherry at the 3 0 -end of the respective gene in a strain that also expressed Inp1p-GFP. The Cdc3p-mCherry chimera was expressed from a centromeric plasmid in a strain that contained the wild-type CDC3 ORF.
To construct the strains displayed in Figure 5D , the ATG36 ORF was replaced with a Leu cassette in a strain expressing GFP-SKL from the CAN1 locus. Conversely, a GFP-SKL cassette was inserted into the CAN1 locus of a pex30Δ/pex31Δ/pex32Δ strain, which has been described. 14 We employed site-directed mutagenesis to introduce specific point mutations into the INP1 ORF in the wild-type 2C3 strain. First, a CORE cassette was inserted into the genomic locus at the site of future mutagenesis. In a second transformation, the CORE cassette was replaced by the introduction of a mutagenic oligonucleotide. The removal of the CORE cassette was confirmed by counterselection on 5-FOA medium. All strains were verified by sequencing the INP1 genomic locus.
FIGURE 6
A model for peroxisome tethering and movement in yeast. Inp1p and Pex3p assemble into supramolecular complexes termed "foci" that are required for tethering peroxisomes at the mother cell cortex. 10 This study demonstrates that other factors, yet unidentified, are required for focus assembly, as binding between Pex3p and Inp1p is by itself insufficient for focus formation but is required for focus retention in the mother cell. Pulling forces exerted by Myo2p, along with constriction forces exerted by the peroxisome divisional machinery, lead to the division of the tethered peroxisome and the transfer of a portion of the peroxisome to the bud, where it attaches to a focus that is newly formed by passage of Pex3p through the ER and by Pex3p's recruitment of Inp1p and other focus components 
| Protein-protein interaction analysis
A glutathione s-transferase (GST)-fusion of the cytosolic tail of Pex3p
(amino acids 51-441) constructed in pGEX4T-1 (GE Healthcare) has been described. 10 Y2H growth assays were done using S. cerevisiae strain HF7c. 
| Immunoblotting
Inp1p-3 × GFP and mCherry-PTS1 were detected by affinity-purified anti-GFP antibody (gift of Dr. Luc Berthiaume, University of Alberta).
Mouse monoclonal antibodies to MBP were from New England Biolabs. GST was detected with mouse monoclonal antibody GST-2 (Sigma-Aldrich). Inp1p-HA was detected with mouse monoclonal HAprobe F7 antibody (Santa Cruz Biotechnology). Horseradish peroxidase-conjugated donkey anti-rabbit and donkey anti-mouse secondary antibodies were used to detect primary antibodies in immunoblot analysis. Antigen-antibody complexes in immunoblots were detected by enhanced chemiluminescence (GE Healthcare).
| Sequence alignments
Primary sequences of Inp1 proteins from different organisms were aligned using Kalign (https://www.ebi.ac.uk/Tools/msa/kalign/).
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